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ABSTRACT 


Three new genera and six new species of shallow-marine Late 
Cretaceous gastropods are reported from various formations in 

California and from one formation in Baja California, Mexico. 
Tegula jeanae new species, of early Campanian age, is the 
earlie st knowu species of this trochid genus. Nerita (suh- 
genus?! orovillensis new species is the second. known ME 

Campanian neritid from California. The cerithioid Bullamir- 
ifica new genus is represented bv three species: Bullamirifica 
verruca new species of Coniacian age; Bullainirifica elegans 
new species of early Campanian age; and Bullamirifica ainiktos 
(Dailey and Popenoe, 1966) of middle to late Campanian age. 
The latter species has the most widespread distribution, with 
occurrences in southern California and northern Baja Cali- 
fornia. Minytropis melilota new genus and species of Santonian 
age. and Paxitropis dicriota new genus and species of Late 
Santonian to early Campanian age are high-spired trichotro- 
pids. As presently known, Bullamirifica, Minytropis, and 
Paxitropis were endeinic to the study area. 


INTRODUCTION 


This study is based largely on specimens collected by 
Eric Gohre of Oroville, California. Over the vears, he 
has amassed a sizeable collection of shallow-marine 
mollusks from the lower Campanian Pentz Road 
member of the Chico Formation near Pentz, Butte 
County, northern California (Figure 1). His collection 
has vielded several new species of gastropods, and some 
of these were described by Groves (2004) and Squires 
and Saul (2004). In part, this present study concerns 


three additional new species and a new genus of 


gastropods found in his collection. They are the trochid 
Tegula jeanae new species, the neritid Nerita (sub- 
genus?) orovillensis new species. and the cerithioid 
Bullamirifica elegans new genus and species. 


Inspection of the literature, as well as examination of 


the collections at the Natural History Musenin of Los 


Augeles County, allowed us to incorporate two additional 
species into Bullamirifica. These are Bullamirifica 
verruca new genus and species from the Coniacian 
Member IV of the Redding Formation in the Oak Run 
area, northern California, and Bullamirifica anikitos 
Dailey and Popenoe (1966) new combination from the 
middle Campanian Pigeon Point Formation southwest of 
San Francisco, northern California; the middle upper 
Campanian Punta Baja Formation, Baja California, 
Mexico; and the upper Campanian Jalama Formation, 
southern California (F igure 1). "C imolithium mitja- 
koense” (Nagao, 1934) and “Vic arya (Shoshiroia) yabei" 

Kamada, 1960, reported: by Perrilliat-Montoya (1965) 
[rom Baja California, Mexico (see Figure 1 . formation 6), 
are judged by us to be synonyms of Bullami ifica ainiktos. 

Also included in this present study are new tricho- 
tropid gastropods found in the collections at the Natural 
History Museum of Los Angeles C ountv. Thev are 
Minytropis melilota new genus and species from the 
Santonian part of the Re dding and Chico formations of 
northern California, and Paxitropis dicriota, new genus 
and species from the of upper Santonian part of the 
Redding Formation, northern California; the lower 
Campanian part of the Chico Formation; and tlie lower 
Campanian part of the upper Holz Member of the Ladd 
Formation, southern Calilornia (Figure I). 

The geologic age of each new species described in this 
paper is shown in Figure 2. The entire interval of time 
that encompasses all these species is Coniacian to late 
Campanian, or about 19 million years. The new species 
are locally common, except for Tegula jeanae, Nerita 
(subgenus?) erovillensis, and B. verruca. 

The classification svstem used here generally follows 
that of Hickinan and’ McLean (1990) for the tegulines, 
Ponder (1988) for the Mm onends and Ponder and 
Warén m for the other taxa. 

Study localities are listed in Appendix 1. Abbreviations 
used in the text are: CAS: California Acade mv of Sciences, 
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1-Redding Formation 


2-Chico Formation 


3-Pigeon Point 
Formation 
4-Jalama Formation 


5-Ladd Formation 


6-Punta Baja 
Formation 


Figure l. Location of formations bearing the new taxa. 


San Francisco; IGM: México Museo del Paleontologia del 
Instituto de Geologa; LACMIP: Natural History Museum 
of Los Angeles County, Invertebrate Paleontology 
Section; UCLA: University of California, Los Angeles 
(collections now housed at LACMIP); UCMP: University 
of California Museum of Paleontology (Berkeley); USGS: 
United States Geological Survey. 


STRATIGRAPHY 


Except for the Punta Baja Formation, which is discussed 
below, the ages and depositional environments of all the 
formations and members containing the new taxa 
discussed in this paper can be found in the following 
papers: Member IV of the Redding Formation, Sqnires 
and Saul (2003a); Misty Buck Member of the Chico 
Formation, Saul and Squires (2003); Pentz Road 
member (informal) of the Chico Formation, Squires 
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AGE (m.y.) 
UPPER CRETACEOUS 


Sant- 
onian 


Coniacian Campanian 


lower, middle 
polarity 
chrons 


Minytropis 


Paxitropis dicriota 
[ 


Figure 2. Chronostratigraphic positions of the new taxa. 
Ages of stage boundaries and magnetostratigraphy from 
Gradstein et al. (2004, fig, 19.1). 


and Saul (1997): Ten Mile Member of the Chico 
Formation, Squires and Saul (2003b); npper Holz Shale 
ol the Ladd Formation, Squires and Saul (2001); Pigeon 
Point Formation, Elder and Saul (1993) and Squires and 
Saul (2003b); and Jalama Formation, Squires and Saul 
(2003b). The locales of these formations are shown in 
Figure 1. Stratigraphic information mentioned below 
concerns additional pertinent hiostratigraphie details. 
The age of the Jalama Formation used here is slightly 
younger than used in our previous papers because we 
had to adjust its chronostratigraphie position based on 
the latest published (Gradstein et al., 2004) absolute- 
time and global-paleomagnetic data correlations. 


Punta Baja FORMATION 


Perrilliat-Montoya (1968) reported specimens of gastro- 
pods, herein assigned to Bullamirifica ainiktos, from the 
“Rosario Formation” at Punta Baja, near E] Rosario, 
northern. Baja California, Mexico, The 5-140 m thick 
Punta Baja Formation (Figure I) overlies fluvial deposits 
of the La Bocana Roja Formation, and the angular 
unconformity between these two formations is canyon- 
shaped (Boehlke and Abbott, 1956). This eanyon is filled 
with conglomerate, sandstone, and siltstone reported by 
Kilmer (1963) to have been deposited in shallow-marine 
depths not exceeding 60 meters. Boehlke and Abbott 
(1986) have a dilfering viewpoint and reported that the 
deposits represent turbidites that aeeumulated in bathyal 
depths. They reported, furthermore, that shallow-marine 
mollusks are common, but Kilmer's collection at UCMP 
does not contain very many specimens. The Punta Baja 
Formation is unconformably overlain by terrestrial 
deposits of the La Escarpa Member of the El Gallo 
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Formation, which, in turn, is overlain by the Rosario 
Formation. 

Based on molluscan fossils collected by F. H. Kilmer, 
San] (1983: 21-22, fig. 9) reported the ammonite 
Metaplacenticeras et. pacificum: (Smith, 1900) and the 
gastropod Turritella chicoensis pescaderocnsis Arnold, 
1908, from the siltstone in the Punta B: aja Formation. 
Although these two mollusks were reported by Saul 
(1983: 65-66) to be of late € Campanian age, more recent 
Mo studies (Elder and Saul, 1996: fig. 1) 
depicted both of these taxa as ranging in age from late 
middle Campanian to earliest late € Campanian. Adjust- 
ments for the most recently published (Gradstein et al., 
2004) absolute-time and. global-paleomagnetie data 
correlations place these ammonite and turritellid zones 
in the middle late Campanian, Recent examination by 
the junior author of additional Punta. Baja Formation 
mollusks revealed three specimens of the bivalve Calva. 
The best preserved specimen is from LACMIP loc. 
12582 and is Calva (Egelicalva) crassa Saul and 
Popenoe, 1992, whose geolagic range is early late 
Campanian to early Maastrichtian elsewhere on the 
Pacific slope of North America (Saul and Popenoc, 
1992). The other two Calva specimens are worn and 
broken. from UCMP loc. B-335S. These two specimens 
are similar to Calva (Calva) peninsularis (Anderson and 
Hanna, 1935), whose geologic range is latest Campanian 


to carly Maastrichtian else RU re on the Pacific slope of 


North America (San] and Popenoe, 1992), 

Boehlke and Abbott (1956: fig. 
the Punta Baja Formation to ines arly Campanian pd 
entirely on calcareous nannofossils. They also reported 
that the benthic foraminifera in this formation corre- 


spond to the F2-lower E foraminifera zones of GoudkolT 


(1945), but they did not rely on the foraminifera for their 

age call. Almgren (19S6: table 2) reported that the F2- 
lower E foraminifera zones are esse ntially correlative to 
the early Campanian to late Campanian. It is important 
to mention that the Alcalde Shale in the Coalinga area 
along the west side of the San Joaquin Valley, central 
California. is correlative to the E zone (Almere 'n, 1956: 
table 3). As depicted in Saul (1983: fig. 10), the Alcalde 
Shale contains Metaplacenticeras cf. M. pacificum, and 
Almgren (1956) assigned the Alcalde Shale to the early 
late Campanian. 

In summary, the Metaplacenticeras, Turvitella, Calva, 
and benthic foraminifera data strongly support a middle 
late Campanian age for the Punta Baja Formation. The 
calcareous nannofossils, however, support an early 
Campanian age. It seems probable that the older 
calcareous nannofossils are reworked, and this wonld 
be consistent with the depositional environment of the 
formation. 


SYSTEMATIC PALEONTOLOGY 


Superfamily Trochoidea Rafinesque, 1515 
Family Trochidae Rafinesque, 1915 


4) assigned the age of 
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Subfamily Tegulinae Kuroda, Habe and Ovama, 1971 
Genus Tegula Lesson, 1835 


Type Species: Tegula elegans Lesson, 1535, by 
monotypy; Recent, west coast of Central America to 
the Gulf of California, Mexico. 


Discussion: — Although Wenz (1935), Keen (1960), and 
Davies (1971) re ported the geologic range ol Tegula to 
be Miocene to Recent, B: udel md Stinnesheck ( 2000) 
reported a species of Tegula of Late Cretaceous 
(Maastrichtian) age from central Chile. Kiel and Bandel 
(2001) reported a tentatively identified Tegula from 
upper € ampanian strata in northern Spain. The early 
Campanian new species described below represents the 
confirmed earliest record we know of for Tegula. For the 
Pacilic slope of North America, the previous. earliest 
record of Tegula was given by Addicott (1973: V7, pl. S, 
ligs. 2, 4), who reported it from the Wygal Sandstone 
Member of the Temblor Formation, southwestern 
margin of the San Joaquin Valley, Kern C "m central 
Cal Tormi Squires (2003: table 2.1, fig. 2. 1) placed this 
member in the lower Oligocene Matlockian Stage. 


Tegula jeanae new species 
qu Eae Qo 
(Fignres 3-5) 


Diagnosis: A Tegula with low to moderate spire. 
Whorls convex, smooth, and bearing one spiral groove 
on posterior third of last whorl, Anomphalous. Last 
whorl with raised lip along basal edge, base sunken 
between this lip and columellar lip, which bears at least 
one denticle and one much smaller denticle adapically. 


Description: Shell medium (up to 16.6 imn. height 
and 21.7 mm diameter, same specimen). Turbiniform 
with spire low to moderately elevated. Protoconch 
unknown. Teleoconch consisting of three whorls. Suture 
impressed, slightly channeled. Whorls convex, some- 
times slightly concave short distance anterior of suture; 
blunt a on anterior of medial part of last whorl. 
Whorls smooth; spiral groove posterior of medial part 
of last whorl. Aperture. oblique, peristome discontinu- 
ous. Anomphalous, umbilical area covered by broad 
callus. Base wide and smooth, peripheral d 
margin coincident with raised lip along edge of last 
whorl; area depressed between this lip and columella. 
Outer lip strongly prosocline. Columellar lip with at least 
one oblique denticle; much weaker second denticle 
sometimes present immediately posterior of main 
denticle. Growth lines strongly prosocline, forming wide 
bands. 


Holotype: LACMIP 13322, 
22 imm in diameter. 


LACMIP 13523 


15.7 mm in height, 


Paratype: 
Type Locality: | LACMIP loc. 24537. 


Geologic Age: Early Campanian. 
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Figures 3-8. New tegnlid and neritid gastropods, Specimens coated with ammonium chloride. 3-5. Tegula jeanae new species, 


R99 


LACMIP loc, 24337, 3. Paratype LACMIP 13323, apertural view, height 13.9 mm, diameter 17.9 mm. 4-5. Holotype 13322, height 


2000) 


18.7 mm, diameter 22 mm. 6-7. Nerita (subgenus?) orocvillensis new species. 6. Holotype LACMIP 13324, apertural view, height 
11.6 mm, diameter 16.8 mm. 7-8. Paratype LACMIP £3325, total shell height 10 mm, diameter 13.7 mm. 7. Abapertural view. 8. 


Apical view, 


Distribution: Chico Formation, Pentz Road member 
(informal), near Pentz, Butte Connty, northern. Califor- 
nia. 


Etymology: Named for Jean Góhre, mother of Eric 
Góhre, who collected and donated the type material to 
LACMIP. 


Discussion: This new species is known from two 
specimens, both showing good preservation. The new 
species is remarkably similar to Tegula (Chlorostoma) 
fracbralis (Adams, 1855), from Pliocene and Pleistocene 
strata of southern California (Grant and Gale, 1931) and 
from the Recent of Vancouver Island, British Columbia, 
to central Baja California, Mexico (McLean, 1978). The 
new species differs from T. (C.) fuaebralis hy having 
a smooth shell rather than being ornamented by weak 
spiral ribs. The similarity between the new species and 
T. (C.) funebralis is even stronger if the specimens of the 
latter are worn. 

Tegula ovallei (Philippi, 1857: pl. 12, fig. 4; Bandel 
and Stinnesbeck, 2000: 761, pl, 1, B), the only other 
positively identified Cretaceous Tegula that we know of, 
is from Miaastrichtian strata in central Chile. The new 
species differs from T. ovallei by having a smooth shell 
rather than being ornamented by granulated spiral 
ridges. 

Kiel and Bandel (2001; 139 pl, lig. 1) reported 
a tentatively identified Tegula? simplex (Quintero and 
Revilla, 1966: 49, pl. S, fig. 3) from upper Campanian 


strata in northern Spain. The new species differs greatly 
from T.? simplex by having a less elevated spire, smooth 
shell, blunt rather than a sharp angulation anterior of the 
medial part of the last whorl, broad callus covering the 
umbilical region, wider aperture, very much stronger 
denticles on the columella, raised lip along the basal 
edge of the last whorl, and sunken base between this 
raised lip aud the coluinellar lip. 


Family Neritidae Rafinesque, 1815 
Genus Nerita Linnaeus, 1755 


Type Species: Nerita pelorouta Linnaeus, 1755, by 
subsequent designation (Montlort, 1810); Recent, south 
Florida, West Indies, and Bermuda. 


Discussion: Nerita sensu lato rauges from Early 
Cretaceous (Ilauterivian), and the earliest record is 
from the Ono Member of the Budden Canyon 
Formation, Trinity County, northern Calilornia (Saul 
and Squires, 1997). The new species described below 
represents the first record of an early Campanian Nerita 
from the study arca. 


Subgenus? 

Nerita (subgenus?) orovillensis new species 

(Figures 6-5) 

Diagnosis: A Nerita with approximately IS to 19 
beaded spiral ribs. Columellar lip with four or five 
obscure teeth. 
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Description: Shell medium small (ip to 11.6 mm in 
height and 16.3 mm in diameter, same specimen), 
broader than high, globose. Last whorl rapidly expand- 
ing. Protoconch unknown, Teleoconch consisting of 2.5 
to 2.75 whorls. Uppe rmost spire very low. Suture 
obscure. Earliest 1.5 teleoconch whorls apparently 
smooth, rest of teleoconch covered with approximately 
1S narrow spiral ribs bearing small beads; interspaces 
between ribs approximately as wide as interspaces. 
Beads on ribs becoming smaller and slightly elongate 
on base of last whorl, especially in pariet al region. Spiral 
rib adjacent to suture can be slightly stronger "tron other 
ribs. Aperture large, nearly Cane Outer lip flared, 
interior smooth. Columellar lip with five somewhat 
obscure teeth, most posterior tooth widest and longest. 
Deck area broad, sloping, and sharply demarcated from 
base of last whorl. Growth lines prosocline. 


Holotype: LACMIP 13324, 11.6mm in height, 
16.8 mm in diameter. 


LACMIP 13325. 
Type Locality: LACMIP loc. 24337 


Paratype: 


Geologic Age: Early Campanian, 


Distribution: Chico Formation, Pentz Road member 
(informal), near Pentz, Butte County, northern Califor- 
nia. 


Etymology: | Named for Oroville, California. 


Discussion: The new species is based on two speci- 
mens. The external surfaces are moderately well pre- 
served, but the columellar lip and especially the deck 
area are poorly preserved. 

The new species is remarkably similar to Nerita 
(Theliostyla) crookit Clark (1938: 700, pl. 4, figs. 1, 2) 
from the Markley Formation east of San Francisco, 
uu Countv, northern California. Squires (2003: table 

fig. 2.1) assigned this formation to the middle 
eut oe Stage"). The new species differs from N. 
(T.) erooki by having fewer and wider teeth on the 
columellar lip. fewer xis on the last whorl with relatively 
wider interspaces, and ribs near the iniddle of the last 
whorl not noticeably broader than adjacent ribs. 

The new species is also very similar to Nerita 
umzambiensis Woods (1906: 311, pl. 37, figs. 14-15; 
Bandel and Kiel, 2003: 51-52, pl. 1, figs. 4-5) from 
the Santonian/Campanian Umzamba Formation in 
southeastern South Africa. The new species differs 
from N. umzambiensis by having fewer teeth on the 
columella lip. ribs on the base of the last whorl, and 
a deck area sharply demarcated from the base of the last 
whorl. 

The new species somewhat resembles Nerita (The- 
liostyla?) kennedyi Squires and Saul (2002; 185-187, 
figs. 31-34: from the upper lower to lower middle 
Eocene (“Domengine Stage”) Santiago Formation, 
northern San Diego C ‘ounty, southern California. The 
new species differs from N. (7.2) kennedyi by having 


beads that are not elongate, wider interspaces between 
the ribs, and fewer, stronger, and wider teeth on the 
columellar lip. 

The only other early Campanian neritid known from 
the Pacific slope of North America is Neritina (Dostia) 
cuneata (Gabb, 1564: 137, pl. 21, fig. 97) from lower 
Campanian strata at Tuscan Springs on Little Salt Creek, 
Tehama County, northern California. Gabb’s species 
might also be present in 1) upper Campanian and/or 
lower Maastrichtian strata in the Pozo area, San Luis 
Obispo County (Vedder, 1977) and 2) Maastrichtian 
strata along the western edge of the San Joaquin Valley, 

California “(Woods and S; dul. 1956). The new species is 
vastly different from Neritina (Dostia) and does not have 
its patelliform shape nor its distinctive collabral sculp- 
ture. 


Superfamily Cerithioidea Férussac, 1819 
Family Indeterminate 


Discussion: The new genus described below is most 
likely a cerithioid, on the basis of its sigmoidal growth 
lines, high spire, sculpture, short siphonal canal (slightly 
twisted), smooth columella, and smooth interior of the 
outer lip. Some specimens of the new genus have 
a narrow spire, like that found in cerithioids, but other 
specimens of the new genus have a buecinid-like shell. 
The strongly sigmoid: ‘in growth lines of the new genus, 
however, are unlike thar fonnd on buccinid shells. It is 
possible that the new genns belongs to a new cerithioid 
family. 


Genus Bullamirifica new genus 


Type Species: Bullamirifica elegans, new species; 
Early Campanian, Pentz area, Butte County, northem 
California. 


Description: Shell medium (up to 53 mm height and 
37 mm diameter, same B: fusiform to turreted. 
Height to diameter ratio 2 to 2.7. Spire high, comprising 
4l to 55% of total shell height. ple ural angle 33 to 42". 

Protoconch unknown. Teleoconch whorls six to eight. 
Spire whorls with shoulder angulate: last whorl with 
periphery angulate. Ramp shout to moderately long, 
concave to rarely straight-sloped. Suture slightly un- 
dulatory, weakly impressed. Collabral sculpture consist- 
ing of many narrow ribs, closely to moderately widely 
spaced; interspaces smooth. Collabral ribs slightly 
opisthocline to opisthocyrt, usually extending from 
suture to suture. Collabral ribs present on me or 
obsolete; if present, swollen and elongate. Spiral 
sculpture consisting of several spiral ribs with variable 
width and spacing, especially on last whorl. Spire whorls 
with strongest spiral rib on whorl shoulder, several weak 
or Todea. ly strong spiral ribs occasionally near 
anterior suture, and suture coincident with weak spiral 
rib either bearing weak nodes or without nodes. Last 
whorl sculpture with three to four widely spaced, strong 
spiral ribs on periphery and one or two weaker spiral ribs 
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or several spiral riblets on base. Interseetions of collabral 
and spiral ribs producing many nodes or strongly 
projeeting tubercles, either rounded (knob-like) to 
spinose or narrowly elongate. Nodes and knobs most 
pronounced on whorl shoulder, especially on last whorl. 
Interseetions also strong on anterior portion of last whorl 
periphery. Aperture chant but moderately wide, comma- 
shaped; small, narrow arch (canal-like) present where 
ee lip meets most posterior part of aperture. 
Columellar lip smooth. Siphonal eanal short and spout- 
like or well developed, moderately short, and ean be 
twisted to left. Outer lip thin, mar ke dly sinuous, interior 
smooth. Growth lines sigmoidal between suture and 
shoulder. antispiral sinus coineident with tubereulate 
spiral rib. 


Geologie Age: | Coniacian to early late Campanian. 


Etymology: Combination of the Latin bulla, mean- 
ing nob: and the Latin mirifus, meaning to cause 
wonde TE 


Discussion: Three species ean be herein assigned to 
this new genus. Two ol these species, Bullamirifica 
Maca and Bullainivifica elegans, are based on entirely 
new material. The third species was originally tentatiy el 
assigned by Dailey and Popenoe (1966) to Pseudoglau- 
conia Douvillé, 1921. Dailey and Popenoe (1966) stated 
that this particular species be "longs in a new genus, but 
they withheld their description until better specimens 
were obtained. Although representatives of the new 
genus have sigmoidal growth lines (see Wenz, 1940: 764, 
lig, 2214) similar to that of Pseudoglauconia, Bullamir- 
ifica differs considerably from Psendoglanconia by 
having buceiniform rather than a tapered/conic al 
shape, angulate rather than Ilat-sided whorls, and 
tubercles on the sides of the whorls instead of only near 
the suture, and the suture between the pennltimate and 
last whorl is not extremely deep and widely sunken. 
Unfortunately, the aperture of Pse udoglauconia is not 
known and none of the apertures on the available 
specimens of Bullamirifica is complete. In spite of the 
absence of knowledge about the aperture of. Pseudo- 
glauconia, Wenz (1940) believed this gastropod genus to 
belong in the Cerithiidae. 

The shape of the growth lines in Bullamirifica is 
similar to that of Batillaria echinoides clavatulata 


(Lamarek, 1504) from the middle Eocene (Lutetian) of 


the Paris Basin, France. The siphonal canal of this 
Eocene species is longer than uormally found in 
Batillaria Benson, 1842. Ponder and Warén (1958) and 
Houbrick (1985) placed Batillaria in superfamily Cer- 
ithioidea, family Batillariidae Thiele, 1929. The similarity 
in growth-line shape between Bullaiirifica and Batil- 
laria suggests to us that the new genus might be 
a cerithioid. The high turreted spire of Batillaria, 
however, is qnite nolike the lower, more paucispiral 
spire of Bullamirifica. 

Bullamirifica has the growth-line shape, shell shape, 


sculpture, and twisted siphonal canal similar to that of 
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Pseudorapa Molzaplel, 1555, a monotypic genus from 
the Vaals Greensand in the Netherlands and Germany. 
The age of these strata was determined to be early 
Campanian by Albers (1976). Wenz (1941: 1083, 
fig. 3079) illustrated Pseudorapa. Bullamirifica differs 
from it by having a less twisted siphonal canal and 
more variable sculpture, including the possibilities of 
having spiral ribs and a relatively narrow shell. In 
addition, Pseudorapa has an outer lip that is very 
crenulate and a spiral band near the base of the last 
whorl that produces a tooth-like projection on the outer 


lip. 


Bullamirifica verruca new species 
(Figures 9-12) 


Diagnosis: Small Bullamirifica with prominent round- 
ed knobs, nine on shoulder of ies whorl, Suture 
coincident with noded spiral rib. Base of last whorl 
without. elongate eollabral ridges. Siphonal canal short 
and straight. 


Description: Small (up to 34 mm estimated height 
and 16.8 mm diameter, same specimen), fusiform, 
moderately slender. Height to diameter ratio approxi- 
mately 2, Spire high, approximately 44% of shell height. 
Pleural angle approximately 35 to 37 . Protoconch aud 
upper spire unknown. Teleoconeh whorls approximately 
six (estimated). Spire whorls with shoulder angnlate, last 
whorl with periphery angnlate. Ramp short, concave. 
Suture slightly impressed, possibly undulatory. Collabral 
sculpture consisting of many ribs, wide ‘ly spaced; 
interspaces smooth. Collabral ribs slightly opisthocline 
aud extending from suture to suture, Collabral ribs 
mainly prevalent on ramp. Spiral seulpture consisting of 
several ribs with variable strength and spacing, especially 
on last whorl. Intersections of collabral and spiral ribs 
producing many strongly projecting rounded tuberculate 
knobs or, less commonly, nodes; knobs and nodes most 
prominent on shoulder and usu: uly extending posteriorly 
across ramp and become narrow ridges. Spire whorls 
with strongest spiral rib on whorl shoulder, very faint 
spiral riblets present between whorl shoulder and 
anterior suture. Snture coincident with moderately weak 
spiral rib bearing small nodes. Penultimate whorl with 
spiral rib on shoulder bearing nine, moderately elosely 
spaced knobs. Last whorl with three spiral ribs on 
periphery, strength of ribs progressively decreasing 
anteriorly: strong rib on shoulder and bearing nine very 
prominent "br o ate knobs; middle rib moderately 
strong and bearing more numerous nodes (about half 
sized of those ou shoulder) that tend to become smaller 
and even obsolete adaxially; and most anterior periphery 
rib weakest and weak nodes tending to. be obsolete 
adaxially, Base of last whorl usually with one or two 
spiral ribs, both bearing nodes (best developed near 
onter lip) or bearing no nodes, and with strength of 
spiral ribs decreasing anterior in direction: occasionally, 
anterior region af base with only verv weak spiral riblets. 
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Figures 9-21. New cerithioid? gastropods. Specimens coated with ammonium chloride, 9-12. Bullamivifica verruca new genus and 
species. LACMIP loc. $133. 9. Paratype LACMIP 13327, apertural view, height 27 mim, diameter 19.2 inm. 10-11. Holotype LACMIP 
13326, height 29.7 mm. diameter 17.8 mm. 10. Apertnral view. 11. Abapertural view. 12. Paratype LACMIP 13327, basal view. 
diameter 15.9 mm. 13-17. Bullamirifica elegans new genus and species, LACMIP loc. 24337. 13-14. Holotype LACMIP 13325, 
height 66.9 mm. diameter 34.9 mm. 13. Apertural view. 14. Abapertural view. 15-16. Paratype LACMIP 13329, height 60. Inim. 
diameter 25.7 mm. I5. Apertural view. 1G. Abapertural view. 17. Holotype LACMIP 13328, basal view, diameter 35.7 mm. 18-21. 
Bullamirifica ainiktos (Dailey and Popenoe, 1966) new genus. 18-19. Hypotype LACMIP 13330. LACMIP loc. 10691, height 60 mm. 
diameter 24.1 mm. 18. Apertural view. 19. Abapertural view. 20. Plasto-hulotype LACMIP 40435, LACMIP loc. 24125. right-lateral 
view. height 55.2 mm. diameter 29.1 iim. 21. Hyptotype LACMIP 13331, LACMIP loc, 24124, basal view, diameter 16.7 min. 
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Aperture round with very small posterior "arch." 
Aperture elliptical. co himellar lip smooth, outer lip thin; 
siphonal canal short and spout-like. 


Holotype: LACMIP 13326, incomplete specimen 
with two whorls (upper spire missing), 29.7 mm height, 
17.8 mm diameter. 


Paratype: LACMIP 13327 
Type Locality: LACMIP loc. $133. 
Geologic Age: Coniacian. 


Distribution: Redding Formation, Member IV, Oak 
Run area, northern California 

Etymology: Latin cerrucus, wart. 

Discussion: This new species is based on three 
specimens. It differs from Bullamirifica clegans new 
species below by smaller size and presence of rounded 


rather than elongate knobs, fewer knobs on shoulder of 


last whorl, no elongate collabral ridges on base of last 
whorl, a noded spiral rib coincident with the suture, and 
a straight siphonal canal. Bullamirifica verruca differs 
from Bullamirifica ainiktos by being smaller with 
a shorter spire and having rounded an much more 
projecting nodes, many fewer nodes on shoulder of last 
whorl, much less tendency for e Jongate collabral ridges 
on ramp, and much we saker spiral s between horier 
and anterior suture. 

Bullamirifica verruca is very similar to the cerithioid 
Tympanotonus (Tympanotonus) robustus Dockery 
(1993: 47, pl. 7, fig. 1) in the shape of the spire, strong 
nodes on the spire, and shape of the growth lines next to 
the outer lip. Tympanotonus (T.) 
Campanian age and from Mississippi, however, has no 
siphonal canal. 


Bullamirifica elegans new species 
(Figures 13-17) 


[?] Pseudoglauconia? aff. P. ainiktos Dailey and Pope- 
noe.—Elder and Saul, 1993: pl. 2, fig. 11. 


Diagnosis: Large — Bullamirifica with prominent 
opisthocline collabral ridges on upper spire and base 
of whorl Shoulder of p whorl with 11 nodes. Suture 
coincident with unnoded weak spiral rib. Siphonal canal 
short but well developed and twisted to left. 


Description: Me dium large (up to 53 mim estimated 
height and 37 mm diameter, same specimen), fusiform, 
moderately wide, rarely slender. Height to diameter 
ratio approximately 2.2. Spire high, approximatel: ly 40% 

of shell height. Pleural angle approxinately 33 to 42°, 

rarely approximately 30°, Protoconch and uppermost 
spire unknown. Teleoconch whorls ap ON ately eight 
estimated). Whorls with angnlate shoulder. tamp short 
and slightly concave. Collabral sculpture consisting of 
many moderately strong, narrow ribs; interspaces 
smooth. Collabral ribs CONTE from suture to suture, 


robustus, which is of 


Collabral ribs sigmoidal between posterior suture and 
shoulder. opisthocline between shoulder and anterior 
suture. Collabral ribs somewhat swollen on base of last 
whorl. Spiral sculpture consisting of several ribs with 
variable strength and spacing. Intersections of collabral 
and spiral ribs producing many swollen, axially elongate 
nodes or, in some cases, rounded tuberculate knobs; 
nodes and knobs most prominent on shoulder. Spire 
whorls with strongest spiral rib on whorl shoulder and 
occasionally two moderately strong, noded spiral ribs 
between whorl shoulder and anterior suture. Suture 
coincident with weak spiral riblet. Penultimate whorl 
with spiral rib on shoulder bearing 11 widely spaced 
nodes. Last whorl with three or four spiral ribs on 
periphery, strongest rib on shoulder and bearing 11 
nodes. Spir: al abe on periphery of last whorl usually show 
strength progressively decreasing anteriorly, occasionally 
rib immediately anterior of shonlde sr weaker than other 
ribs on pe riphe ry. Growth lines sigmoidal, with antispiral 
sinus coincident with shoulder. Aperture elliptical, 
columellar lip smooth, outer lip thin; siphonal canal 
short but well developed and slightly twisted to left. 


Holotype: LACMIP 13328; near lv comple te specimen 
of five whorls (upper spire missing), 66.9 mm height, 
34.9 mm diameter. 


LACMIP 13329. 
LACMIP loc, 24337 


a ratype: 


Type Locality: 


Geologic Age: Early 
Campanian. 


Campanian to possibly middle 


Distribution: Early Campanian: Chico Formation, 
Pentz Road inember (informal), near Pentz, Butte 
County, northern California; Possibly middle Campa- 
nian: Pigeon Point Formation, San Mateo County, 
northern California. 


Etymology: Latin elegans, 
choice. 


meaning verv fine or 


Diseussion: The now species is based on six speci- 
mens from the Pentz area, ue preservation is moder- 
ately good on all of them. Nearly all the specimens are 
moderately wide, but a pe are somewhat slender, as the 
specimen illustrated in F igures 15-16, 

There might be one specimen of the new species from 
the Pigeon Point Formation. This museum specimen, 
which cannot be located, was figured by Elder and Saul 
(1993: pl. 2. fig. 11). It was identified by them as 
Pseudoglauconia? sp. aff. P. ainiktos Dailey aud Pope- 
noe, but it has a profile somewhat more like Bullamir- 
ifica elegans and basal nodes like B. elegans, As will be 
discussed later, there are specimens of B. aiuiktos from 
the Pigeon Point Formation. Ht seems likely that some of 
the Bullamirifica specimens from the Pigeon Point 
Formation represent transitional forms between B. 
elegans and B. aiuiktos. 

Bullamirifica elegans differs from Bullamirifica ver- 
ruca dn having larger size, prominent collabral ribs 
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extending from suture to suture on the spire whorls, 
swollen collabral ribs on the neck, more nodes on 
shoulder of the penultimate and last whorls, and 
siphoual canal longer and slightly twisted to the left. In 
addition, B. clegans occ: asionally has strong. unnoded 
spiral ribs between suture and shoulder. 

Bullamirifica clegaus dilfers from Bullamirifica ainik- 
tos hv usually having a wider pleural angle, usually a less 
elevated spire, wider and stronger nodes on shoulder, 
fewer nodes on shoulder of alae whorl, and base with 
swollen. collabral ribs instead of fine spiral ribs. 
Bullamirifica elegans also has variability in morphology, 
whereas B. ainiktos does not. 

Bullamirifica elegans is very similar to the cerithioid 
Tympanotonns (Tympanotonns) binodosus Dockery 
(1993: 47, pl. 7, fig. 2) in the shape of the spire, strong 
uodes ou the spire, and shape of the growth lines next to 
the outer lip. Tympanotonus (T.) binodosus of Campa- 
nian age and from Mississippi, however, has no siphonal 
canal. 


Bullamirifica ainiktos (Dailey and Popenoe, 1966) new 
combination 
(Figures 18-25) 


Pseudoglauconia? ainiktos Dailey and Popenoe, 1966: 
21-22. pl. 6, figs. 3. 5. 6. 

Pseudo buco? am P. ainiktos a and Popenoe.— 
Elder and Saul, 1993: pl. 2, fig. 10. 

Cüinolithium miyakocnse D. 1934). — Perrilliat- 
Montova, 1965: 20, pl. 4, fig. 2. 
Vicarya (Shoshiroia) yabei Kam: ida, 1960.- 

Montova, 196S: 21, pl. 6, fig. 1 


Perrilliat- 


Diagnosis: Medinm-size Bullamirifica with usually 
slender turreted whorls. Ramp on upper spire short, 
with narrow collabral ribs crossed by weaker spiral ribs; 
ramp on later whorls much longer and smooth and 
concave. Spire whorls concave on posterior half but 
angulate medially, with moderately strong tubercles. 
Shoulder of last whorl with 14 nodes. Base BE last whorl 
with many, closely spaced spiral riblets. Siphonal canal 
short and possibly straight. 


Description: Me dium. up to 67.5 min height estimat- 
ed and 25.4 mm diameter, same specimen. S Il usually 
slender, turreted, occasionally wide, fusiform. Leight to 
diameter ratio approximateh ‘ly 2.7, Spire high, approxi- 
mately 55% of total shell he ight. Pleural angle approx- 
imately 33 to 37 Pratoconch unknown. Teleoconch 
whorls approximately eight (estimated). Spire whorls 
with shoulder angulate. Ramp pon short and concave, 
occasionally long and straight-slope cd, Suture obscured. 

Collabral seulpture consisting of many spiral ribs closely 
spaced and narrow. € ollabral ribs opisthoevrt, most 


prominent on ramp. Spiral seul, sthre consisting of 


several ribs, moderately weak d closely spaced. 
Intersections of collabral and spiral ribs producing many 
nodes, most prominent and somewhat spinose on 
shoulder. Spire whorls with strongest spiral rib on whorl 
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shoulder and five moderately strong, non-noded spira 
ribs between shoulder and anterior suture; most anterior 
one of these ribs coincident with suture. Penultimate 
and last whorls with approximately 14 nodes on 
shoulder, Last whorl with three spiral ribs on periphery, 
progressively weaker anteriorly, and bearing nodes. Base 
of last whorl bearing fine spiral riblets. Siphonal canal 
short and twisted to left. Columellar lip smooth. Outer 
lip sinuous: interior smooth. 


Holotype: LACMIP 40435, incomplete specimen (tip 
of spire and siphonal canal missing), 39 mm height. 
29 mm diameter, 


Type Locality: LACMIP loc. 412 


Geologic Age: 
nian. 


Middle Campanian to Late Campa- 


Distribution: Middle Campanian: Pigeon Point For- 
mation, near Pigeon Point, San Mateo County, northern 
California. Middle late Campanian: Punta Baja Forma- 
tion, sonthwest of El Rosario, Baja California, Mexico. 
Late Campanian: Jalama Formation, Santa Barbara 
County, southern California. 


Discussion: Description of the new species is based 
on 25 specimens: 18 from the Jalama Formation, five 
from the Pigeon Point Formation, and two from the 
Punta Baja Formation, The Jalama specimens have poor 
to moderately good preservation, although the apices are 
broken off Pd the siphonal canal missing. The Pigeon 
Point specimens also have poor to mode rately good 
preservation, but the matrix is very hard to remove. The 
Punta Baja specimens have poor preservation. 

The Pigeon Point Formation specimen illustrated by 
Elder and Saul (1993: pl. 2, fig. 10) has a whorl profile 
like that found on B. a US but it has wider pleural 
angle, similar to that found on B. elegaus. Unfortunately 
this specimen is missing. As mentioned earlier, it seems 
likely that some of the Bullamirifica specimens from the 
Pigeon Point Formation represent transitional forms 
between B. elegans and B. ainiktos. 

Bullamirifica ainiktos differs from Bullamirifica ver- 
ruca by larger size and having less ronnded and much 
lower node s, more nodes on shoulder of last whorl, 
much more tendency for elongate collabral ridges on 
ramp, and much stronger spiral ribs between shoulder 
and anterior suture. 

Bullamirifica ainiktos differs from Bullamirifica ele- 
gans by smaller size. having a narrower spire, usually 
a more elevated spire, narrower and weaker nodes on 
shoulder, more nodes on shoulder of last whorl, and base 
with fine ribs instead of swollen collabral ribs. 

Perrilliat-Montoya (1965) identified one of the Punta 

Baja Formation specimens (Figures 23-25 herein) of B. 
ainiktos as Vicarya (Shoshiroa) yabei and identified the 
other specimen as Cimolithium miyakocnse. With Wenz 
(1940: 740—741. fig. 2145) as a basis for comparison. we 
consider that Bullamirific a ainiktos differs considerably 
from the former gastropod by having a non-conical she ll. 
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Figures 22-34. New cerithioid? and trichotropid gastropods, Specimens coated with ammonium chloride, unless otherwise noted. 
22-25. Bullamirifica ainiktos (Dailey and Popenoc. 1966) new genus, 22. Lypotvpe LACMIP 13332, USGS loe. M-S601, height 
35.5 mm, diameter 20 min, 23-25. Plasto-hypotype IGM 1325, height 50min, diameter 36.9 mm. 23. Apertura]. view, 24. 
Abapertural view. 25. Basal view. 26-29. Minytropis melilota new genus and species. 26. Paratype LACMIP 13334, LACMIP loc. 
10787, apertural view, height 7 mm, diuneter 2 min. 27-29. Holotype LACMIP 13333, LACMIP loc. 10786, abapertural view, 
height 62 non, diameter 2.2 mim. 27. Abapertural view. 28. Oblique apertural view of tip: arrow indicates where protoconch ends 
and teleoconch starts. 29. Protoconch. height 0.5 iin. diameter 0.8 mm; arrow indicates where protoconch ends and teleoconch 
starts; SEM photomicrograph (uncoated). 30-34. Paxitropis dicriota new genus and species. 30-31. Paratype LACMIP 13336, 
LACMIP loc. 23643, height 12.7 mm, diameter 6.8 min. 30. Apertural view. 31. Abapertural view. 32. Holotype LACMIP 13335, 
LACMIP loc. 23639, apertural view, height 14.7 inm, diameter 6.6 mm, 33. Paratype LACMIP 13337, LACMIP loc, 23642, 
apertural view, height 10.) mm, diameter 44 mm, 34. Paratype LACMIP 13338, LACMIP loc, 24217. abapertural view, height 
1] mim, diameter 4.3 mm. 
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more rows of nodes, and absence of a notch on the outer 
lip near the suture and not having a thick, extensive 
callus that covers part of the noded sculpture near the 
suture on the last whorl. Using Kase (1954: 135-156, pl. 
21. figs. 1-9; fig. 20) as a basis for comparison, we 
consider that Bullamirific a ainiktos differs considerably 
from the latter gastropod by having a much lower spire, 
more strongly sinuous growth lines, and a well de- 
veloped, twisted siphonal canal, 


Superfamily € 
Family Capulidae Fleming, 1822 
>Sublamih Trichotropinac Gray, 1850 


‘apnloidea Fleming, 18522 


Discussion: We include a subfamily name because 
high-spired capulids. like those described below, are so 
distinctive from cap-shaped capulids. The subfamily 
allocation is tentative, pending much-needed taxonomic 
work on capulids. 


Genus Minytropis new genus 


Type Species: Minytropis melilota new species; Late 
Cretaceous, Santonian, northern California. 


Description: Shell very small, estimated maximum 
height just over 10 mm. Shell thin, narrowly fusiform- 
elongate. Protoconch Iat-topped and smooth, approxi- 
mately two whorls. Teleoconch whorls rounded. Seulp- 
ture consisting of several strong spiral ribs with wide 
interspaces, both ribs and interspaces crossed hy well 
delineated prosocline growth lines. Aperture oval, pro- 
duced anteriorly to short, with narrow siphonal canal. 
Outer lip thin with no varix or inner. denticulations. 
Inner lip callused, narrow. 


Geologie Age: | Early aud Late Santonian. 


Etymology: Combination of the Greek minys, mean- 
ing little, small. or short: and the Latin tropis, meaning 


keel. 


Discussion: The place ment of Minytropis among the 
trichotropids is suggested by the strongly prosocline and 
well marked growth lines, strong spiri il sculpture, and 
the short, open siphonal canal. KÉoiropis resembles 
Opposirius Iredale, 1931, which is known only from the 
Recent of Australia (Wenz, 1940). Minytropis differs 
from Opposirius by having a narrower aperture, a longer 
siphonal canal, and a rounded rather than a bladelike 
inner lip. 

Finlay and Marwick (1937) reported that Opposirius is 
more similar to Certhioderma Conrad, 1860, than to any 
other trichotropid genus. In comparison to Certhioderma, 
Minytropis is similar in having a flat-topped. smooth 
protoconch and in having a short siphonal canal, but 
Minytropis differs by having a much narrower shell, 
longer and much narrower aperture, stronger spiral 
sculpture. sculpture not recticulate on adult whorls, and 
no hint of an umbilicus. Wenz (1940) reported Cerithio- 
derma to have a geologic range of Late Cretaceous to 
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Oligocene, but Manwick (1965) reported that this genus is 
uix extant. Dockery (1993) reported Cerithioderma trom 

Campanian strata in Mississippi. High- -spired trichotro- 
pids very similar to Cerithioderma are best represented in 
New Zealand Tertiary strata (Maxwell. 1992). According 
to Maxwell (1992), Trichosirius Finlay, 1926, might be 
a junior synonym of Cerithioderina. 


Minytropis inclilota new species 
(Figures 26-29) 


Description: Small, up to 10.2 mm estimated height 
and 3.5 mm diameter, same specimen. Shell narrowly 
lusiform-elongate. Spire high, 60% Se of shell 
height. Ple ial angle approximately 22 . Protoconch fat- 
topped, with two “whorls and el (0.5 mm height, 
0.5 min diameter). Teleocouch of approximately seven 
to eight subangulate whorls, last whorl nearly one-third 
total he ight. Suture dee ply impre ssed, nearly coincident 
with very weak rib. Sculpture nearly cancellate on 
earliest teleoconch whorl, but four spiral riblets slightly 
stronger than numerous collabral threads. Se ulpture on 
subse «quent. whorls progressing into five strong, flat- 
topped ribs on middle spire, six ribs on lower spire, and 
approximately eight to nine ribs on last whorl; most 
posterior spiral rib weak to very weak on all these whorls. 
Interspaces of nearly equal width on spire whorls but 
becoming twice as wide as ribs on last whorl. On last 
whorl, ribs on whorl face e qually strong but on base, ribs 
become mneh less prominent and more closely spaced. 
Growth lines strongly prosocline, marked. by fine 
collabral threads strongest on early whorls where they 
produce slight heading of spiral ribs. Growth lines less 
prominent and closer-spaced on later. whorls; growth 
lines can be somewhat prominent on base of last whorl. 
Aperture oval, produced anteriorly to short, narrow 
siphonal canal. Outer lip thin, arcuate, crennlated by 
ribs. Columellar lip narrow, weakly callused, and barely 
forming a pseudo-umbilical chink between base of whorl 
and indistinct fasciole. 


Dimensions of Holotype: Nearly complete spermen 
(siphonal canal mostly missing), 6.2 mm height, 2.2 mm 
diameter. 


Holotype: LACMIP 13333. 


Type Locality: LACMIP loc. 10756. 


Paratype: LACMIP 1533 


Geologie Age: Early and Late Santonian. 


Distribution: Lower Santonian: Redding Formation, 
Member V, Clover Creek, Shasta County, northern 
California. Upper Santonian: Chico Formation, Musty 
Buck Member, Chico Creek, Butte County, northern 
California. 

Etymology: Latin melitota, meaning sweet clover (in 


reference to the occurrence of the new species near 


Clover Creek). 
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Discussion: Description of this new species is based 
on 29 specimens, most of which represented by small 
fragments. The better preserved specimens are all from 
the Redding Formation, however, none of these speci- 
mens is as large as the larger ones from the Chico 
Formation localities, Only two specimens, both from 
LACMIP loc. 10756, have retained the protoconch. The 
protoconeh of one of these specimens is illustrated in 
Figures 27-29. The other specimen's protoconch is 
mostly embec dde d in hard matrix. The flat-topped 
protoconch of M. meliota supports the position of this 
gastropod among the Trichotropidae. 

The new species ean be distinguished from the similar 
looking Opposirius idoneus Iredale (1931: 210, pl. 22, 
fig. 7; Wenz, 1940: fig. 2631), an extant species in 
southwestern Australia, by having a narrower shell, one 
inore rib on the spire, two to four inore ribs on the base 
of the last whorl, a much longer siphonal canal, an 
a rounded columella. Opposirius idoneus is the type 
species of Opposirius Iredale, 1931. 


Genus Paxitropis new genus 


Type Species: — Paxitropis dicriota; Late Cretaceous, 
late Santonian to early Campanian, northern Califor- 
nia. 


Description: Shell medium small, narrowly pagodi- 
form. Spire whorls with prominent keel me -dially, Suture 
bordered posteriorly by relatively weak spiral rib 
becoming keel-like on last whorl and, in concert with 
aforementioned keel, producing bicarinate last whorl. 
Shell base with several weak spiral riblets. Growth lines 
prosocline. Colmmuellar lip callused, abaxial margin wel- 
delineated. Siphonal canal short but distinct. Anompha- 
lous. 


Geologic Age: Late Santonian to early Campanian, 


Etymology: Combination of the Latin pax, meaning 
peace (in reference to the peaceful Pacifice coast); amd 
the Latin tropis, meaning keel. 


Discussion: — Paxitropis is similar to Trichotropis Bro- 
derip and Sowerby, 1529, a genus known (Sohl, 1960) 
Irom the Late Cretaceous. to Recent. The modern 
distribution of Trichotropis is restricted to cireum-boreal 
waters, in both the northern and southern oceans and, as 
Sohl (1960) noted, this modern distribution is in sharp 
contrast to its Cretaceous distribution in temperate 
shallow-water deposits. Paxitropis differs from Tricho- 
tropis by having a smaller size, much narrower shell 
including a narrower aperture), a siphonal canal, much 
lower variability in sculpture, and being anomphalons. 

Paxitropis resembles the trichotropid feuncula lre- 
: de, 1924, which is known from the Recent of the Indo- 

Pacilie (Wenz, 1940). Paxitropis differs from Jcuucula by 
h: wing no hint of an ninbilicns, less promine nt keels that 

we imnwavv, oue less keel on the last whorl, and no axial 
riblets on the ramp. The aperture of Paxitropis is not 
entirely known. 


The new genus has a whorl profile very similar to the 
turrid Austrocarina. Laseron, 1954, known only from the 
Recent of New South Wales and Victoria, southeastern 
Australia and Tasmania. Paxitropis, however, is not 
a turrid because it does not have the turrid growth lines, 
which tend to be opisthocline anterior to the notch and 
across the whorl periphery curving toward prosocline 
very near the siphonal area. 


Paxitropis dicriota new species 
(Figures 30-34) 


Description: Shell small, up to height estimated 
14.5 mm and 6.6 mm diameter. Shell p: agodilorm. Spire 
high, approximately 60% of shell height. Pleural angle 
approximately 30°. Protoconch TUM n. Teleoconch 
approximate Ay six strongly angulated whorls, with wide 
ramp ou middle spire whorls and on last whorl, Seulpture 
dominated by prominent spiral rib, medially located on 
shoulder and keel-forming on later whorls. Early 
teleoconch whorls with two spiral ribs anterior to carina. 
On mature whorls, these additional ribs become mere 
threads and equivalent in strength to growth lines, thus 
producing microscopic cance Tete Ans. especially on 
ramp. Suture impresse d; nearly coincident with weakly 
noded subsutural spiral rib located immediately posterior 
to suture. Subsutural spiral rib relatively weak on spire 
whorls but becoming keel-like on last whorl, Last whorl 
with two sharp kee i one just above middle whorl height 
and second one weaker and occasionally minutely nodai 
emergent at anterior suture, Shell base with several weak 
spiral ribs. Growth lines prosocline, most prominent on 
shell Dase, near outer lip. Aperture lanceolate and 
produced anteriorly to short, but distinct siphonal canal. 
Outer lip thin, anguk ate, erenulated by ribs. Columellar 
lip callused, abaxial margin well- delineated. Columellar 
lip narrow, barely forming pseudo-uibilical chink 
between base of whorl and indistinct fasciole. 
Holotype: | LACMIP 13335 
diameter, 


14.7 mm height, 6.6 min 


LACMIP 13336, 13337, and 13338. 
Type Locality: LACMIP loc. 23643. 


Paratypes: 


Geologic Age: Late Santonian to Early Campanian. 


Distribution: Upper Santouian: Redding Formation, 
Member VI, area east of Redding, Shasta County, 
northern California; Lower Campanian: Chico Forma- 
tion, Ten Mile Member, Chico Creek, Butte County, 
northern California; Ladd Formation, upper Holz Shale 
Member, Santa Ana Mountains, Orange County, sontli- 
em California. 

Etymology: Combination of the Greek di, meaning 
two, and the Greek eriota, meaning ringed. 
Discussion: Twenty incomplete specimens were avail- 
able, and the six most complete of these are the basis for 
the above description. The only specimen from the 


R. L. Squires and L. R. Saul, 2005 


Redding Formation is geologically the oldest specimen 
(LACMIP loc. 24217). The only specimen from the 
upper Holz Shale is from L ACMIP loc. 21536. 


The new species is very similar to the Pliocene to 
Recent Trichotropis bic arinata (Sow erby, 1825; Pitt and 
Pitt, T9859: pl. 1, figs. 3—4; Egorov and Alexevev, 1998: 
25, figs. 22-23), ek is a Pacific upper boreal Arctic 
species. occurring in the waters off northern Japan, 
Kamchatka, southern Chukchi Sea, and Queen Char- 
lotte Islands in British Columbia (Egorov aud Alexevev, 
199$), The new species differs from T. bicarinata 
by having a much narrower last whorl and a much 
narrower aperture, These same differences distinguish 
the uew species from Trichotropis vokesae Pitt and Pitt, 
1989, which is extremely similar to T. bicarinata. 
Trichotropis vokesae is of Pliocene age and from 
northwestern Ecuador, aud the new species differs from 
T. vokesac in the same ways that it differs from T. 
bicarinata. 

The new species can be distinguished from the similar 
looking Icuncula torcularis (Tenison-Woods — 1579; 
Wenz, 1940: fig. 2630), an extant species living off the 
coasts of southeastern Australia and Tasmania, b having 
less projecting and non-wavy keels, one less keel on the 
last whorl, and an absence of axial riblets on the ramp. 
Icuncula torcularis is the type species of Icuncula 
Iredale, 1924. 

The new species is remarkably similar to the extant 
Austrocarina recta. (Hedley, 1903; 1922; 223, fic, 3; 
Powell, 1966: 34, pl. 3. fig. 2. 1969: 364, pl. 276: Saleen. 
I994: 187) but differs Fom A. recta p having a shell 
approximately 14 mm in height instead of 6 mm, a more 
projecting and usually wider keel on the shoulder of the 
adult whorls, several weak spiral ribs on base of last 
whorl, several spiral ribs on earliest teleoconch whorls. 
straight rather than a curved profile of the base, 
columellar lip callused with abaxial margin well-de- 
lineated, and no tendency to develop coll Aral ribs on 
earliest teleoconch whorls. 
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APPENDIX 1 
LOCALITIES CITED 


Localities are LACMIP, uuless otherwise. noted. All 
quadrangle maps listed below are U. S. Geological 
Survey maps. 


10786, Near crest of south slope of divide between Basin 
Hollow and Clover creeks, at approximately southeasl 
corner of the northwest 1^1 of section 33, T, 32 N, R. 2 
W. Lower Santonian. Redding Formation, Me mien iu 
(lower part). Coll: W. P. Popenoe and D. W. Scharf, 
August S, 1931. 


10787. Near crest of north slope of divide between Basin 
Hollow and Clover. creeks, near northeast. corner of 
northwest 1/4 of section 33 and not more than 122 in 
south of section line, T. 32 N, R. 2 W. Millville 
Quadrangle (15 mimute, 1953), Shasta County, northern 
California. Lower Santonian. Redding Formation, Meni- 
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ber V (lower part). Coll: W. P. Popenoe and D. W. 
Scharf, August S, 1931. 


12582, Turritellas and oysters along beach just south of 


La Bocana Roja Formation outcrop, approximately 2 km 
north of south tip on west side of Punta Baja, Mexico. 
Middle upper Campanian. Punta Baja Formation. Coll.: 
L. R. Saul, October 12, 1990. 


21536. Corona Quadrangle, Santa Ana Mountains, 
Orange County, soutliern California. Lower Campanian. 
Ladd Formation, upper Holz Shale Member. Coll.: T 
Bear, 1940. 


93639, East bank of Chico Creek in concretions in 
massive, greenish-gray sandstone, 373 m d and 
293 m west of northeast eorner of section 23, T. 23 N, 
R. 2 E, Paradise Quadrangle (15 minute, Dos. Butte 
County, northern California. Lower Campanian, Chico 
Formation, Ten Mile Member. Coll: L. R. and R. B. 
Saul, August 20, 1952 


23642. On W bank of Chico Creek, west of big westward 


projection of east lava eap and approximately N 27 W of 


BM 1770, 122 m south and 632 m west of northeast 
corner of section 26, T. 23 N, R. 2 E, Paradise 
Quadrangle (15 minute, 1953), Butte County, northern 
California. Lower Campanian, Chico Formation, Ten 
Mile Member. Coll: L. R. and R. B. Saul, August 20, 
1952. 


23643. Coneretionary sandstone on west side of ` Big 
Chieo Creek, 670 m south and 762 m west of northeast 
comer of seetion 26, T. 23 N, R. 9 E, Paradise 
Quadrangle (7.5 minute, 1953), Butte County, northern 
California. Lower Par Chico Formation, Ten 
Mile Member. Coll.: L. R. Saul and R. B. Saul, August, 
1952. 


24124. Hard, medium-grained, gray, arkosie sandstone, 
158 m north of Jalama Creek, 3.3 km west and 0.6 kan 


north of southeast corner of the topographie sheet, 
Lompoe Hills Quadrangle (7.5 minute, 1947). Upper 
Campanian. Jalama Formation. Coll.: D. Dailey and J. R. 
Dorrance, October, 1929. 


24125. Hard, fine to medium-graied arkosic sandstone, 
2.8 km west and 0.53 km Don of southeast eorner of 
the topographic sheet, Lompoc Hills Quadrangle 
(7.5 minute, 1947). Upper Campanian. Jalama Forma- 
tion. Coll: D. Dailey and J, R. Dorrance, October 29, 
1929. 


94917. lard sandstone slabs in bed of Clover 
Creek, 213 m north and 366 m west of southeast 
comer of section 22, T. 32 N, R. 2 W, Millville 
Quadrangle (15 minute, 1953), Shasta County, northern 
California. Upper Santonian. Redding Formation, 
Member VI. Coll: W. P. Popenoe Ad D. Dailey, 
August 27, 1959, 


24337. Along east side of Highway 70, 792 m north and 
305 m west of southeast corner of seetion 36, T. 21 N, R. 
3 E, Cherokee Quadrangle (7.5 mintue, 1949), Butte 
County, northern California. Lower Campanian. Chico 
Formation, Pentz Road member (informal). Coll.: 
Gohre. 


UCMP B-3388. In south-trending arroyo which reaches 

coast about 2.5 km north of the tip of Punta Baja. 
Marine invertebrates from inassive, chert conglomerate 
at confluence of this arroyo and northwest-trending 
tributary about 122 m upstream from confluence. This 
locality is about 488 m northwest of the Punta Baja road. 
Middle upper Campanian. Punta Baja Formation, Coll.: 

F. H. Kilmer, date unknown. 


USGS M-8601. In lens in sandstone on beach 0.5 km 
southeast of Bolsa Point, Pigeon Point Quadrangle, San 
Mateo County, northern California Middle Campanian. 
Pigeon Point Formation. Coll.: W. P. Elder, 1959? 


